SUM Y Temperatures at the lower end of the oesophagus were taken during the ingestion of hot coffee at varying temperatures and varying volume, by using a modified duodenal tube.
volunteer, standardized for size of sip and temperature of coffee, 43 % were 44°C or higher (up to 53°C).
Statistical analysis showed a linear relationship between the intraoesophageal and the initial coffee temperatures.
Volume has a larger effect than the temperature at which the coffee is taken.
The average increase in intraoesophageal temperatures at the point of measurement was 0.3810C
per ml coffee ingested.
Some implications of the findings are discussed from the epidemiological point of view. Hirayama, 1955; Burrell, 1957; Tansurat, 1961;  thsoe rob ang thermosition of Martinez, 1969) but Wynder and Bross (1961) found during measurements of intrano such differences between patients and controls. oesophageal temperatures.
Steiner (1956) 'guided' to pass the sonde through an orifice at the distal end (Fig. 1) .
The temperatures were read and recorded by one observer from a needle on a dial. The inertia of the system is quite small because the tips of the probes, containing the thermistor, are very thin (0.6 mm in diameter) and will not need much 'warming-up' time.
There is a delay of three to five seconds between the immersion of the thermistor in the liquid and the recording of the temperature of that liquid by the needle of the thermometer. The accuracy of the thermometer was ± 1°C.
Measurements at any level inside the oesophagus were possible. The level of the 'internal physiological sphincter' at approximately 38 cm distance from the incisor teeth was chosen because fluids are delayed here for three to five seconds before entering the stomach. Higher up the oesophagus the passage of liquids may be too rapid for this type of thermometer to record the temperature adequately.
The measurements were done as follows. The sonde with the probe inside was introduced into the oesophagus for 38 cm and fixed; the probe was then advanced a further 1 cm. The thermistor thus lay outside the sonde 39 cm from the incisor teeth. The position of the sonde was not checked radioscopically to avoid unnecessary radiation.
Intraoesophageal During the first experiment, six patients and the one healthy volunteer were asked to drink two cups of coffee (80 ml each time) in such a way that it resembled their usual pattern; intraoesophageal temperatures at 39 cm distance from the teeth were recorded as outlined above. EXPERIMENT 2 During the second experiment, sip size and coffee temperature were standardized to see whether a relationship between the coffee temperature and the oesophageal temperature exists. Measurements were done on an additional 17 patients and the same healthy volunteer. No patient had difficulty in swallowing the sonde without anaesthesia of the throat; all stated that the act of swallowing was not hindered by the presence of the sonde. Of the 23 patients, all males between 19 and 73 years, eight had malignant diseases of the pharynx-larynx region, five suffered from oral cancer, and 10 had benign disease of the ear, nose, or throat.
Results EXPERIMENT 1 Figure 2 shows graphically that coffee, taken at a temperature between 50 and 70°C, reaches the lower end of the oesophagus at temperatures between 40 and 50°. The general pattern of the curves is fairly equal, indicating that the possible effect of a diseased state of the oropharynx and hypopharynx is smaller than might have been expected. EXPERIMENT 2 In this experiment amounts of coffee of 5, 10, 15, and 20 ml were given, each volume at a temperature of 55, 60, and 65°C. Temperatures inside the oesophagus were read as outlined above.
The results are given in Table I , which gives the value of to at each temperature and for each volume for each of the patients. Some observations are missing, partly due to fatigue in some patients and partly because of coffee temperature of 65°C could not always be tolerated. We see that quite often temperatures of 44°C or higher were recorded: 90 times out of 209, ie, 43 %. Figure 3 shows that the average increase of intraoesophageal temperature with increasing coffee temperature is 2-3°C whether sips of 5, 10, 15, or 20 ml were taken. Figure 4 shows that the average increase of intraoesophageal temperature with increasing size of sip is 5-60C whether the coffee temperature is 55, 60, or 650C. These figures indicate that, for the temperature-two ways, first ignoring the second variable, and volume range used, the effect of the volume is greater then taking account of the second variable. The than that of temperature. results of this analysis are shown in Table II . The significance of these results was assessed by Both the volume and the temperature (T) of the the following analysis of variance.
coffee swallowed have a highly significant effect (p < 001) and, furthermore, the volume has a STATISTICAL ANALYSIS threefold greater effect than the temperature (T). Due to the unequal number of observations in each There appears to be no interaction between the two volume-temperature cell (see Table I ), there is not an variables. orthogonal decomposition of the variance. In the The estimated effect on temperature increase, ie, analysis of variance performed, the sum of squares the difference between to and tb of the different levels accounted for by one variable has to be evaluated in of coffee temperature, and its volume are given in to -tb The slope of their relationship is 0-381°/ml; that is, there is an average increase of 0.3810 in intraoesophageal temperature per ml coffee swallowed. The results of this investigation do not allow any further statement concerning the effect of the intraoesophageal temperatures observed on the mucosa. Moritz and Davis (1966) stated that cellular injury and death occurs if tissue temperature is maintained at a level more than 5°C above that which is normal for the blood. The nature and the extent of the injury are determined by the duration of the hyperthermal episode. In our investigation, the duration of the thermal influence is very short, and Fig. 5 shows that within 30 seconds the intraoesophageal temperature has returned to preswallow level.
As the ranges of temperature and volume used in this experiment correspond with that of normal drinking, this result should be relevant to epidemiological studies. In a study to test the hypothesis that an unusually large increase in oesophageal temperature is a risk factor in cancer of the oesophagus, the more important variable to observe is not the temperature at which liquids are drunk, but the manner of drinking.
